Objectives: We report the testing and refinement of the Adaptive Stress Index (ASI), a psychosocial assessment tool designed to measure the longer terms stressors of adapting to the psychosocial disruptions experienced by refugees.
on the capacity of refugees to function in difficult environments, thereby increasing the risk of mental distress, and, in some cases, frank mental disorder. The model reflects a growing consensus in the field (Collins et al., 2011; Tol, Patel, et al., 2011) that the longer term conditions of the environment in which refugees live (comprising social, political, cultural, economic, and spiritual/religious elements) are vital to shaping the impact of discrete events such as traumas and shorter term stressors on mental health and functioning (Porter & Haslam, 2005; Silove, Ventevogel, & Rees, 2017) . Whereas the core elements of the ADAPT model are considered to be universal, the manner in which the five pillars are undermined and the impact of the erosion of these support systems on mental health and functioning are context-specific, that is, dependent on the history, culture, and sociopolitical conditions experienced by each displaced population (Silove, 2013) . For that reason, an important task is to modify measures of adaptive stress for each refugee population, while at the same time maintaining the conceptual foundation of the instrument. We previously reported the refinement of an instrument (now renamed the Adaptive Stress Instrument or ASI) based on data from West Papuan refugees living in settlements (shanty towns) in Port Moresby, the capital of Papua New Guinea.
Qualitative research involved interviews with a purposively selected sample of West Papuan refugees in which we gathered a pool of candidate items that reflected the five ADAPT domains in a manner that was congruent with the culture and language. In the next step, we conducted focus groups comprising West Papuans of different genders and social status to refine the pool of ADAPT items by identifying those most salient to the history, experiences, and living context of the population. We then applied quantitative methods to assess the item pool (each rated on a severity scale) in a community-wide survey amongst West Papuan adults. Confirmatory factor analysis (CFA) supported a five-factor structure consistent with the ADAPT model (Tay, Rees, Chen, Kareth, Mohsin, & Silove, 2015) . A structural equation model supported the theoretical underpinnings of the ADAPT model by indicating that the ASI had a moderating effect on indices of trauma exposure and ongoing adversity in pathways to posttraumatic stress disorder (PTSD) symptoms (Tay, Rees, Chen, Kareth, & Silove, 2015aa) .
The long history of exposure to persecution and displacement experienced by West Papuan refugees offered a context for further development of the ASI. Indonesia invaded and then annexed West Papua over 50 years ago, a political transformation that led to a low-grade war of resistance waged by the indigenous population, a conflict which is ongoing (Brundige, King, Vahali, Vladek, & Yuan, 2004) . During the course of the conflict, the Indonesian military has perpetrated widespread human rights violations in an effort to repress dissent amongst the indigenous people (Human Rights Watch, 2014) . Successive waves of West Papuan refugees have crossed the border into neighboring Papua New Guinea, with a substantial population of displaced persons settling in the capital, Port Moresby (the site of our first study), and in the Kiunga area of the Western Province bordering West Papua, the location of the second study reported herein.
Foreign media and human rights organizations have detailed the extreme conditions of deprivation experienced by displaced West Papuan communities in locations such as Kiunga. These include difficulties in accessing clean water, food, sanitation, basic health care, and education (Rees, Tay, Kareth, & Silove, 2016; Rees, Silove, Tay, & Moses, 2013) . In the Kiunga area, chronic poverty and alternating droughts and floods add to the challenges refugees commonly confront. Fear of cross-border incursions by the Indonesian military and other hostile forces add to conditions or communal stress. In general, the size of Papua New Guinea and the inaccessibility of many areas, including Kiunga, intensify the sense of dislocation and isolation amongst the West Papuan community.
The aims of our study were (a) to apply qualitative methods to adapt the ASI to the specific history and living conditions of West Papuan refugees resettled in a remote rural setting of Papua New Guinea; (b) to apply CFA to reduce the item pool and re-examine the structure of the ASI; (c) once a structure was confirmed, to apply item response theory (IRT) to identify items exhibiting greatest discrimination and information content for each domain; and (d) as a test of concurrent validity, to examine whether persons with higher ASI scores exhibited greater functional impairment.
| METHODS

| Sample
Between March and September 2016, we conducted an epidemiological survey amongst West Papuan refugees living in nine settlements in Kiunga township. Although we included adolescents in the survey, we restricted the present analysis to the adult sample. We updated the census data by conducting a comprehensive doorto-door household survey in the nine settlements just prior to undertaking the main study. We defined in-scope persons either as those born in West Papua or having at least one parent born in that territory. For the present analysis, we included adults older than 18 years.
Of the eligible adult West Papuans identified, we were unable to contact 157 (18.3%) because they were absent from the district during the entire duration of our study. All 486 adults with whom we made contact agreed to participate, yielding a response rate of 100% of those present in the nine villages at the time, or 81.7% if we counted absent residents.
| Ethics statement
Ethical permission for the study was provided by the University of The original ASI applied in the earlier study amongst West Papuans residing in Port Moresby comprised 62 items, each rated on a four-point severity scale (0 = not at all; 1 = a little bit; 2 = quite a lot; 3 = extremely; Tay, Rees, Chen, Kareth, Mohsin, & Silove, 2015) . Details of the sequence of qualitative and quantitative steps pursued to develop and test the cultural and contextual validity of the measure and its psychometric properties have been provided previously (Tay Rees, Chen, Kareth, & Silove, 2015a) We conducted focus groups amongst the Kiunga West Papuan community to contextualize the ASI items to conditions in that setting (Tay, Rees, Chen, Kareth, Mohsin, & Silove. 2015) . Details of the corresponding procedure conducted with the West Papuan community in Port Moresby have been reported previously (Tay, Rees, Chen, Kareth, Mohsin, & Silove, 2015) . In brief, we conducted two focus groups in Kiunga, each comprising 10 participants purposively sampled to ensure representation of all nine communities, a balance between men and women, and the inclusion of persons of varying ages and status/roles. A clinical psychologist, a project manager, and a West Papuan research assistant conducted the groups in Bahasa Indonesia, the lingua franca of the community. Facilitators encouraged an open discussion of the psychosocial changes that had occurred to the community, as well as current challenges and anticipated future threats, contextualizing these experiences within the culture, history, and current living circumstances of the Kiunga community. In the process, facilitators presented the theoretical structure of the five ADAPT domains, prompting discussion concerning the extent to which these support systems had been undermined in the community and the level of stress caused in each instance. We applied a widely used set of criteria to assess the transcultural validity of the ASI item pool, including content relevance (that is, whether the ASI items are relevant to the particular context of West Papuans living in Kiunga), correct interpretation of items, appropriateness of response scale, and equivalence of constructs (the extent to which each set of ASI items reflected each of the five underlying ADAPT constructs we sought to measure) (Kohrt et al., 2011) . All qualitative data were recorded and analyzed using thematic content analyses (Vaismoradi, Turunen, & Bondas, 2013) in order to identify a core set of summary terms and responses associated with each ASI scale.
| Functional impairment
Community members emphasized issues of safety and security, given the ever-present risk of cross-border incursions by the Indonesian military and their proxies. Attachment issues were of major concern, relating to worries about families and the well-being of kinship groups left behind in West Papua. Unresolved grief and guilt ("duka cita") were pervasive, arising from the inability of displaced refugees to perform culturally appropriate mourning ceremonies at burial sites in West Papua itself. Issues of justice were prominent, expressed in feelings of grievance ("tidak adil:") and anger ("sakit hati") relating to the human rights violations perpetrated against individuals and the community during the conflict, consistent with past observations in studies amongst this population (Rees & Silove, 2011) . The refugee experience had undermined personal, professional, and family roles and, more generally, challenged the sense of West Papuan identity within the community. The long period of persecution also has undermined systems of meaning (cultural, spiritual, communal) given the extent of the social changes, dispersal of communities, and loss of traditional structures. Following focus groups, individual participants who so wished were offered private sessions to discuss their personal experiences further.
| Field personnel training
We selected the field team (five men, three women) from the West Papuan refugee population residing in Kiunga. The selection was based on language proficiency in both Bahasa Indonesian and Pidgin (the PNG lingua franca), the positions of trust that candidates held in the community, demonstration of a capacity to learn and apply the procedures needed to undertake the fieldwork, and a sense of commitment to the project. The field team received 3 weeks' intensive training under the supervision of a bilingual clinical psychologist in which the focus was on interviewing techniques, role-play, and piloting of the measures in vivo.
During the main survey, weekly supervision sessions were conducted via telephone or on-site by the research team leaders. Interviews were conducted verbally in Bahasa Indonesian, English, and Tok Pisin, depending on the participant's preferred language.
| Statistical analyses
Our multistep analytic procedure was based on IRT-derived structural equation models (Figure 1 ; Hambleton, Swaminathan, & Rogers, 1991; Krueger & Finger, 2001 ). The Supporting Information details the 62 items included in the original ASI and their modifications to ensure congruence with the local community experience in Kiunga.
We first applied CFA to test (a) five single-factor models, each corresponding to one of the five ADAPT domains (safety and security, attachment, access to justice, roles and identities, and existential meaning) and (2) a single five-factor model comprising five dimensions, which corresponded to the constituent ADAPT domains.
Modification indices guided iterative adjustments to the models tested. By convention (Kim & Mueller, 1978) , we excluded items with factor loadings <0.5 from the CFA models. Model fit was assessed using the comparative fit index (CFI), Tucker-Lewis fit index (TLI), and the root mean square error of approximation (RMSEA). A good fit was judged by a CFI and TLI greater than 0.95 and an RMSEA equal to or less than 0.06. A moderate fit was indicated by a CFI and TLI exceeding 0.90 and an RMSEA equal to or less than 0.08 (Barrett, 2007) . MLR was applied to estimate all models given the ordinal nature of all variables, their normal distribution, and the small amount of missing data for each scale (less than 2% for any scale) (Muthen & Muthen, 2014) .
Finally, we identified pairs of items with large modification indices associated with significant residual correlations (≥0.3), removing one item from each pair based on examination of the content, wording, and ease of understanding of each of the paired items within the context. We re-estimated our models based on the reduced item pool, examining model fit and factor loadings. This process reduced the item pool to 25.
To identify the most discriminatory and informative items for each scale, we then progressed through the steps recommended for IRT (Hambleton et al., 1991) . All IRT models were estimated using MLR based on polychoric correlations in the absence of skewness and kurtosis amongst relevant variables. To assess local dependence, we examined modification indices of residual correlations amongst the items. A core assumption underlying IRT is that the items under study must be independent of one another to ensure that variations in individual responses to those items can be explained by the latent state.
In the final step, we applied linear regression analysis to test the relationship between the five derived ASI scales and functional impairment.
The analyses were conducted using Mplus (Muthen & Muthen, 2014) and STATA (StataCorp, 2013).
| RESULTS
| Sociodemographic characteristics
The sociodemographic characteristics of the sample are reported in were born in Papua New Guinea to West Papuan parents.
| Assessing dimensionality of the ASI based on CFAs
Based on the 62 original ASI item pool, five preliminary CFAs were conducted by grouping items on theoretical grounds to correspond to each of the five ADAPT domains. All five models showed a poor fit according to conventional indices. We then excluded a total of 37 items from the five dimensions based on factor loadings <0.5. The items removed included ASI 2, 4, 7, 9, 10 (the safety and security scale); ASI 11, 12, 13, 14, 15, 16, 17, 22, 24 (the attachment scale); ASI 25, 31, 33, 34, 35, 36 (the access to justice scale); ASI 37, 38, 39, 40, 41, 42, 44 (the roles and identities scale); and ASI 49, 50, 51, 52, 53, 54, 59, 60, 61, 62 (the existential meaning scale).
We also identified pairs of items with statistically significant residual correlations (≥0.30). We omitted one of each correlated pair based on considerations of content and relative ease of understanding. The following items were removed: ASI 9 (I am very worried about being evicted or forced to move somewhere unsafe), given an overlap with ASI 10 (I am worried that I may be put in a situation of danger), and We then tested two ASI structures using CFA. In the first, we con- (Table 2) .
To assess the alternative model of a unitary ADAPT structure
comprising five dimensions, we tested a single construct five-factor CFA based on the derived 25-item pool. The model produced a moderate fit based on our pre-established threshold criteria:
x 2 (265) = 923.74, P < 0.001, CFI = 0.93, TLI = 0.92, RMSEA = 0.07.
Given the superiority of the fit statistics, we therefore adopted the first structure in which the five ADAPT domains were represented as independent constructs (Table 3) .
| Item discrimination and threshold parameters
We next tested a polytomous 2-PL graded response IRT model to examine the relative discrimination and information content of each item of the respective five ADAPT domains. Item discrimination or slopes (a) and item difficulty or thresholds (b) were estimated in the graded response model. The IRT parameter estimates are reported in Table 4 . 
| The safety and security scale
Of the five constituent items of the safety and security scale, ASI 6 (a = 3.53, I am very worried that the future will be insecure) and ASI 3 (a = 3.02, I have serious concerns about whether my family will survive) were most discriminating. Lower levels of discrimination were found for the remaining three items: ASI 1 (a = 2.36, I feel very uneasy about going out alone), ASI 5 (a = 2.96, I have serious concerns about my family might die of hunger), and ASI 8 (a = 2.97, I feel very nervous about family members getting sick because we cannot afford medical care)
in that those with the highest level of distress had an 80% chance of endorsing these items at the highest threshold (extremely). In addition, the same items produced the lowest information content for the safety and security scale (see Figure 3 for information curves for each scale). 
| The attachment scale
In relation to the attachment scale, the most discriminating of the five items were ASI 19 (a = 4.46, I feel upset because I am not able to carry out traditional burial rituals) and ASI 20 (a = 4.21, I am concerned about not being able to visit the graves of families). ASI 19 contributed the most information to that scale.
ASI 18 (a = 3.92, I feel upset about not being able to give deceased family member a proper burial), ASI 21 (a = 3.13, I worry a lot about family members who have gone missing), and ASI 23 (a = 3.24, I feel upset because of not being able to pay tribute to the death of family members) were less discriminating of individuals in the higher and lower range of distress. Although those with lower levels of distress (related to losses and separation) had a 50% to 80% probability of endorsing the items at the lowest threshold, there was a 60% likelihood that they would also endorse the items at the highest threshold. These items also demonstrated relatively lower levels of information content compared with the remaining item pool.
| The access to justice scale
Overall, the ICCs for the access to justice scale comprising six items showed a consistent pattern of high endorsement probability, that is, individuals with lower levels of adaptive stress (related to challenges accessing justice) endorsed items at the lower severity thresholds
(1 = not at all or 2 = a little bit). Specifically, those with the lowest distress θ score had nearly 100% probability of endorsing all items at the lowest threshold (1 = none). Of the six items, ASI 27 (I think a lot about the unjust things that happened to the people of my community; a = 4.00) contributed the most information to the scale. Notably, with the exception of one item (28), items of the access to justice scale contributed to the highest amount of information of all items across the five scales.
| The roles and identity scale
For the roles and identity scale, of the five items, ASI 45 (a = 2.84, I am frustrated because I am not able to contribute to the community) and ASI 46 (a = 2.76, I have difficulty trying to overcome cultural barriers)
were the most discriminating. These two items also contributed the most information to that scale. In contrast, ASI 43 (a = 2.18, I am frustrated because of the communication difficulties I have been having), ASI 47 (a = 2.36, I feel frustrated because I have to rely on others), and ASI 48 (a = 2.52, I have lost the sense of autonomy and control in my life) were less discriminating.
| The existential meaning scale
In relation to the existential meaning scale, of the four items, the items with the highest level of discrimination and with the most information included ASI 57 (a = 2.69, I have trouble making sense of the bad thing that happened in my life) and ASI 58 (a = 3.5, I feel frustrated because 
| DISCUSSION
The sequential application of CFA and IRT analysis yielded a reduced and refined item pool for the ASI, strengthening both the scientific foundations and the utility of the measure in assessing the stressors that arise for refugees in relation to the five dimensions of the ADAPT model. After removal of items that exhibited lower factor loadings on CFI or that were redundant, we achieved five good fitting models, each corresponding to the five dimensions of the ADAPT framework.
In contrast, a unitary model comprising five domains produced only a moderate fit to the data. The even distribution of items across the five FIGURE 2 (a) Item characteristic curves for the sense of safety and security subscale (n = 5), (b) item characteristic curves for the attachment subscale (n = 5), (c) item characteristic curves for the access to justice subscale (n = 6), (d) item characteristic curves for the role and identity subscale (n = 5), and (e) item characteristic curves for the existential meaning subscale (n = 6) derived scales provides sufficient score ranges while achieving the goal of brevity. In addition, IRT analysis indicated which items were most discriminating and information-rich in reflecting each of the ADAPT domains within the context.
Prior to discussing the implications of our findings, we consider the strengths and limitations of the study. We used all available information to undertake a systematic and comprehensive survey of West Papuans in Kiunga, achieving a conservative 85.8% response rate even when accounting for those temporarily absent from the catchment area.
The sample was restricted to one setting, making it essential to replicate the analysis amongst West Papuans residing in other areas and in other refugee populations. We cannot discount the risk of errors in expression and translation in this transcultural setting, even though we applied rigorous principles of cultural adaptation in the process of iterative development of the measure. In that regard, we note that our qualitative inquiry based on focus groups supported the contextual, linguistic, and semantic congruence of items within the culture and context of life in Kiunga. Nevertheless, the analysis was based on a limited number of focus groups, and the heterogeneous composition may have inhibited some participants from speaking frankly in that setting.
Notwithstanding its limitations, our study illustrates the value of pursuing a sequential process of testing and refinement in the process of adapting and contextualizing measures such as the ASI and its constituent scales to the particular culture and conditions of life relevant to each refugee population. In that sense, our approach may serve as a guide to other researchers undertaking similar projects in complex cross-cultural fields, where achieving accuracy of assessment remains a major challenge (Betancourt, Yang, Bolton, & Normand, 2014) . In pursuit of the dual objective of achieving theoretical and ecological validity of measures, our methodology may assist in developing and testing instruments that are both grounded in a general conceptual model and applied within a specific culture and context. In relation to the attachment scale, the discriminating and high information items reflected obstacles to visiting and conducting traditional ceremonies at burial sites of the deceased. The salience of difficulties in meeting cultural obligations to the dead has been observed amongst other refugee groups from traditional backgrounds . In the West Papuan context, human rights organizations have highlighted the adverse impact on the culture when bodies of the disappeared cannot be recovered (Budiardjo & Liem, 1988; Human Rights Watch, 2014) . For a traditional and religious society in which family and kinship ties are of paramount importance, it is not surprising that obstacles to conducting culturally appropriate mourning and remembrance ceremonies represent an enduring source of stress, an observation that is consistent with findings of several other studies in the refugee mental health field (Morina, Rudari, Bleichhardt, & Prigerson, 2010; Silove, Baker, et al., 2017; Tay, Rees, Lidell, et al., 2016) .
It is notable that all six items constituting the access to justice scale reflected high levels of discrimination and information. The focus of concern was entirely on events and conditions in the homeland rather than on ongoing living difficulties in Papua New Guinea. One possible explanation is that West Papuans share a common Melanesian background with the indigenous PNG population, given that the border between the two territories represents an artificial boundary established during the period of colonization (Budiardjo & Liem, 1988) . As a result, populations from the same tribal grouping commonly live on both sides of the border. In addition, PNG nationals are exposed to many of the deprivations and living challenges (such as lack of services) confronted by the West Papuans in Kiunga. In that context, it makes sense that the injustices perceived by West Papuans relate primarily to conditions of persecution in their homeland rather than to the immediate living situation in Kiunga. In addition, the focus is on the community rather than the self, as is expected for refugees FIGURE 3 Information curves for all five Adaptive Stress Index (ASI) subscales from a strong collectivist background, consistent with past research findings amongst this community (Rees & Silove, 2011; Tay, Rees, Chen, Kareth, & Silove, 2015b) . For example, the item (ASI 37) "I think a lot about the unjust things that happened to the people of my community" contributed the most information to the justice scale. These findings also are consistent with observations made in neighboring Timor-Leste, which experienced a prolonged period of persecution of a similar nature under Indonesian rule (Modvig et al., 2000) . In that setting, the persisting sense of injustice perpetrated against family, the kinship group, and the society as a whole, even after national independence was achieved, continued to be a source of distress and anger .
In relation to the roles and identities scale, the items with the highest discrimination and information reflected the loss of autonomy and self-reliance associated with the status of being unemployed, which in turn exacerbated conditions of poverty and deprivation experienced by refugees . For the existential meaning scale, the most discriminatory and information-rich items focused on making sense of the longstanding persecution experienced by the community and being forcibly separated from the homeland, traditional values, and cultural practices (Zocca, 2008) .
| IMPLICATIONS
Our findings have implications for measurement, research, policy, and clinical practice in the field of refugee mental health and psychosocial well-being. Past studies have focused primarily on trauma and ongoing adversity in explanatory models relating to psychiatric disorders such as PTSD (Porter & Haslam, 2005; Steel et al., 2009 ). Previously, psychosocial measures used in the refugee field have tended to be generic in their focus (Betancourt et al., 2014; Hollifield et al., 2002; Steel et al., 2009) . In our approach, we attempted to reconcile a universal theoretical framework (ADAPT) with the particularities of the context and culture under study. The refined version of the ASI reported herein offers the additional benefit of brevity and increased accuracy. Moreover, the principles and procedures outlined in the process of modifying the ASI can act as a template for revising and retesting the measure across cultures and contexts.
From a practical perspective, data obtained from the ASI may prove helpful in planning mental health and psychosocial support services in acute and protracted refugee situations .
Finally, the ASI offers to expand the array of outcome measures that can be used for testing psychotherapeutic or psychosocial strategies aimed at promoting the adaptation of refugees in various contexts.
In that respect, the ASI may assist in extending the scope of assessment and monitoring beyond the conventional indices of trauma, ongoing immediate living difficulties, and mental health outcomes such as PTSD and depression (Tol, Rees, & Silove, 2013) . Specifically, 
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